Seed-size differences in Avena barbala Pott cx Link are of two sorts. First, there is a seed-size dimorphism (fioret position) such that half of the seeds on every plant are larger. Second, the characteristic seed sizes of certain populations are significantly larger than those of other populations. This study reports relationships between seed size and quantitative characters at very early, intermediate, and late stages of the plant's life cycle: young seedlings of Avena barbata grown from smaller seeds are smaller than seedlings grown from larger seeds. Larger seeds do not produce plants that are larger at later stages if the seed-size difference is determined by tioret position within the same genotype. Larger seeds do produce plants that are larger at later stages if the seed-size difference characterizes populations having different genotypes at many loci.
INTRODUCTION
That larger seeds produce larger seedlings than do smaller seeds of the same species (or variety) is a truism. The need to improve seedling establishment of perennial grass species sown for forage has motivated many studies (e.g., Kneebone and Cremer, 1955) on the relationship between seed size and seedling size and vigor. Only the seedling stage has generally been of concern in such studies of seed-size effects in grasses.
Implications about seed-size effects throughout the whole life cycle of the annual grass Avena barbata Pott ex Link (slender wild oat) are now of interest because of the way they may touch upon results from current ecological genetics investigations of the species.
What are commonly referred to as seeds of grasses are grains (caryopses).
The actual seed-the embryo-is enclosed in the grain, surrounded by maternal contributions of foodstores. Within-species grain-size differences derive from variations in the maternal contribution and not from varying embryo sizes. The grain together with its outer coverings is a floret. The inflorescence of A. barbata is a loose panicle bearing spikelets, each of which contains an upper fioret and a lower floret. Following convention, I refer to differences in floret size as "seed-size differences" throughout this report. Seed-size differences in A. barbata are of two sorts. The first relates to the morphology of the infiorescence: In each spikelet the upper fioret is smaller (contains a smaller grain) and the lower, larger. Although different in size, the pair of "seeds" in a spikelet have identical genotypes at many of their loci (as, indeed, do all of the "seeds" of a particular maternal plant) because in this species most seeds result from self-fertilisation. The seed-size dimorphism may contribute to A. barbata's success as a colonizer: there 25 is reasonable speculation that such variation may enable an individual to establish descendants under a wider range of conditions than can one with invariant seeds (Cavers and Harper, 1966) .
In addition to the seed-size difference related to floret position, there are striking differences between certain California populations of A. barbata for spikelet and floret size. Evaluation of how seed-size variation in the species relates to variation in certain other quantitative characters is needed because these quantitative characters are being used to increase our knowledge of genetic differences among California populations of the species (Hamrick and Allard, 1975; Hutchinson and Allard, in preparation) . If, for example, a plant grown from an upper floret seed is shorter at maturity than a plant grown from a lower fioret seed of the same genotype, studies of between-population quantitative variation must include data on floret position of the seeds producing the experimental plants. One published study on a grass species suggests that a seed-size effect upon size of mature plant is not likely: Harkness (1965) found that in Italian ryegrass seed-size effects prevailed only during the first few weeks of growth.
A study addressed to two questions is reported here. First, as expected from demonstrations with many other plant species, are young A. barbata seedlings grown from larger seeds larger than those grown from smaller seeds? Second, is there any effect of seed size upon quantitative characters at later stages?
MATERIALS AND METHODS
The seed collections, electrophoretic survey, and common gardens for this study were also used for a larger study of genetic markers and ecotypic differentiation in A. barbata, details of which will be reported elsewhere (Hutchinson and Allard, in preparation) .
Natural populations of A. barbata at six sites in California supplied seeds for the study of seed-size effects. Panicles collected from 50-100 different plants in each population were kept separate so that as many different plants as possible would contribute seeds to each part of the study. Spikelets were selected at random from these panicles; the upper and lower fiorets were separated to give an upper-floret sample and a lower-fioret sample from each population. Forty florets from each of these separated samples were weighed together for calculation of mean floret weights for each population. Table 1 gives the locations of the sampled populations and their mean upper-and lower-floret weights.
The last row in table 1 presents, in coded form, the characteristic multilocus genotype of each population. The loci govern several enzymes and two morphological characters. The first six digits in the code specify enzyme genotypes, revealed by electrophoresis, at six pairs of presumably duplicated loci. (A. barbata is a diploidised tetraploid.) The Jast two digits code for color of lemma (part of the outer covering of the seed) and presence or absence of leaf-and-leaf-sheath pubescence. The San Ardo (SA), Sierra Foothill Range (FR), Del Loma (DL), and Calistoga Horse Pasture (HP) population samples were virtually monomorphic for their respective multilocus genotypes. The Geyserville (GE) population sample was so polymorphic at three of the pairs of enzyme loci that characteristic genotypes could not be specified (as indicated by dashes in the code). The Marshall (MA) population sample was polymorphic at all eight of the pairs of loci but the most common genotype at each was apparent. Notice that the SA, FR, and DL populations are all characterized by the same multilocus genotype. This genotype corresponds to a five-locus genotype characterizing several A. barbata populations previously studied (as reported by Allard et al., 1972; Clegg and Allard, 1972; Hamrick and Allard, 1972; and Hamrick and Holden, 1979) ; this five-locus genotype was labeled the "xeric genotype" by Hamrick and Allard (1972) because samples taken from the sites and subsites judged to be the most xeric were monomorphic for it. The five-locus "mesic genotype" of these studies corresponds to the multilocus genotype of the HP population in my study.
These multilocus genotypes mark additional genetic differences between populations, as has been ascertained by population studies of quantitative characters (Hamrick and Allard, 1975; Hutchinson and Allard, in preparation) . The multilocus genotypes thus provide information for hypotheses about between-population differences in seed size and seed-size effects. That is, SA, FR, and DL samples of the same floret position are expected to be highly similar for seed and seedling size. HP, GE, and MA samples of the same floret position are likely to differ in seed and seedling size from each other and from SA, FR, and DL samples of the same floret position.
(i) Seedling common-garden study Four flats containing nutrient-free soil (1 ft3 peat: 1 ft3 sand: 151 g dolomite) were sown as four replicates. A row of 20 florets from each upper-and lower-floret sample from each population was sown in each flat. Samples were assigned to the twelve rows in each flat at random.
The flats were kept in a controlled-temperature chamber maintained at 22°C for 15-hour days alternating with 17°C for 9-hour nights. Only distilled water was applied to the flats.
The seedlings were harvested 23 days after sowing. Whether each seedling had one or two leaves at the time of harvest was recorded. The length of the longest leaf of each seedling was measured in centimeters. The leaf area, in square centimeters, of each was measured with an electronic leaf-area scanner. The seedlings were dried in a 55°C oven for 72 hours; each was then weighed to the nearest tenth of a milligram.
(ii) Mature-plant common-garden study
Gardens were sown at two University of California field stations at grassland sites where A. barbata is indigenous in order to observe experimental plants going through their life cycle under natural conditions. Seeds were sown in the fall to germinate with the first wetting rains. Thereafter the plants were undisturbed except for being measured. Neither water nor nutrients were applied at any stage; the other annual plants in the gardens, growing from seeds in the soil, were also left undisturbed. The layout of the gardens-64 plots, each one meter on a side, containing 16 plants arranged in a grid-was designed principally for a larger betweenpopulation study of A. barbata. Four places in each plot were reserved for an upper and a lower floret from each of two populations. Places in plots were assigned at random. In 1978, florets from the DL and HP populations were sown, and in 1979, from FR and HP.
In mid-April of each study year, I counted and recorded the number of juvenile tillers of each experimental plant. (A juvenile tiller of a grass plant is a shoot having the potential to flower; whether it does depends on the environment.) I recorded the date on which each plant flowered (i.e., the top floret of the first tiller emerged) and measured the length and width of the flagleaf of the first tiller. At the end of the life cycle, I recorded the number of spikelets on each plant and multiplied this by two to get the number of seeds. I weighed the aerial portion of each plant after all florets had been shed and the remains had been oven-dried.
(iii) Statistical analysis For both the seedling and the mature-plant study, t-tests were calculated to compare differences between pairs of means. t-tests were. the statistic of choice for several reasons, including the facts that they are exact where group sizes are unequal and they may be evaluated by separate variance estimates where variances of the means are heterogeneous. Testing for heterogeneity of means was done, and separate variance estimates were used where appropriate. In nearly all instances, I evaluated the t-tests as one-tailed tests because appropriate alternative hypotheses could be formulated using results from previous work. For example, for all comparisons of upper-and lower-floret samples from the same population, the alternative hypothesis was that the lower-floret mean was greater than the upper-floret mean. The exceptions that were evaluated as two-tailed tests were comparisons of DL and FR means and between-population comparisons of flowering-date means.
RESULTS
(i) Seedling study Table 2 gives the sample sizes, means, and standard errors for the four characters measured on each seedling. The results of t-tests comparing pairs of these means are summarised in table 3. For each of the four characters in every one of the populations, the mean of the lower-floret sample was significantly greater, at the O•O1 probability level, than that of the upperfloret sample. For each character, HP means were significantly greater than FR and DL means. No significant difference was found between means of FR and DL lower-fioret samples for any character, and none between FR and DL upper-floret sample means except for the leaf area pair of means, which were significantly different (P = 001). (ii) Mature-plant study Table 4 gives the sample sizes, means, and standard errors of the eight characters measured on each plant. Table 5 summarises the results of f-tests comparing-for each character in each garden-all possible pairs of these 132 138 ** The difference between the pair of means is significant at the 001 probability level. NS There is no significant difference between the means.
means. In the SFRFS 1979 garden there were no significant differences between the means of the upper and lower fioret samples from the same population. This is also true of the Hopland 1980 means except for the HP pairs for number of juvenile tillers and width of flagleaf, which were significantly different at the 005 probability level, but not at the 001 level.
In both gardens most of the between-population pairs of means differed significantly.
Discussior.
Differences and similarities among sample means for seedling characters (table 3) were consistent with the differences and similarities in mean floret weights (table 1) and thus with the principle that larger seeds produce larger seedlings. The mean weight of upper florets in each population was only about two-thirds that of the lower florets from the same spikelets. For all four characters in all populations, the upper-floret seedlings had significantly smaller means than the lower-floret seedlings.
The mean lower-fioret weights of the xeric-genotype populations (SA, FR, and DL) were less than the mean upper-floret weights of the other populations. As a sample of the between-population patterns in the seedling data, t-test results of comparisons between HP, FR, and DL means were given in table 3. This particular set of I-tests was included because these three populations contributed the seeds for the second stage of study, of mature plants. In every instance, the HP means were significantly greater than those of the two xeric-genotype populations. Seedling means from the same floret in the two xeric populations tended to be the same. The expectations for the mature-plant results-based on the seedling study and on other studies already mentioned-were that (1) means of separate upper-and lower-floret samples from the same population would not be significantly different; (2) HP means for quantitative characters would be significantly greater than those of the xeric-population means;
and (3) comparisons of the two xeric populations with HP in the two gardens would be consistent. The data were consistent with these expectations. (see means in table 4) . Overall, the plants were at the very lower limit of size for the species. Betweenpopulation differences in dry weight and number of seeds were not significant. But even at this extreme, between-population differences in flagleaf dimensions and tiller numbers, although small, were significant.
Flowering-date f-tests, unlike all of the others on common-garden data, were evaluated as two-tailed tests as there was no source for the formulation of alternative hypotheses for one-tailed tests. The important flowering-date results are the findings of no significant differences between any of the pairs of upper-and lower-floret samples from the same population.
Other studies already mentioned have produced data on quantitative characters of mature plants in California A. barbata populations. The present study shows that seeds and very young seedlings of the xeric genotype are smaller than those of California populations of A. barbafa characterised by other genotypes.
This study was addressed to the question of whether seed size has any effect upon quantitative characters in the latter half of the life cycle. There is clearly no continuing effect deriving from the size differences associated with floret position. Where larger seeds from one population produced larger mature plants than smaller seeds from another population, it may be assumed that this happened not because the plants from the larger seeds "had a better start", but because they have different genotypes at many loci. The mature-plant data, from plants grown under natural conditions, show that only genotype and external environment-and not differing maternal contributions of seed foodstores-contribute to the expression of quantitative characters during the latter half of the life cycle of A. barbata plants in nature.
